Abstract The present study has been carried out for longterm trend analyses of past climatic variables using nonparametric tests (MK test, sequential Mann-Kendall and Theil-Sen's slope) for the Giridih district in Jharkhand (India). In addition, sequential Mann-Kendall test were used to see change with time. However, in the serially correlated series, pre-whitening has been used before employing the MK test. The long-term trend analysis based on meteorological station to exhibit a trend in annual and seasonal precipitation for the study area. It was found that there was no significant trend observed in monsoon and summer session for maximum and minimum temperature. Whereas, a significant increasing trend in the region was observed for the winter season. Hence, rainfall is concerned; there was a significant decreasing trend of 2.04 mm/year observed during the monsoon season. There were good agreements with all climatic variables corresponding to the statistical analysis.
Introduction
Statistical analysis has received greater attention for hydrometeorological studies in order to investigate climate change scenarios from the scientific community. According to Intergovernmental Panel on Climate Change report (IPCC 2007) , anthropogenic emission of various gases has increased considerably since industrialization have caused the planet to warm by about 1°C. This, change in temperature may influence long-term rainfall patterns impacting the availability of water, which is a major global environmental issues in recent time (Barnett et al. 2005) . Magnitude and trend of warming of India during the last century is matching with the global condition (Pant and Kumar 1997) . Change in climate over the India by southwest monsoon causes drastic change in hydrological parameters such as precipitation, evaporation and streamflow, would have a significant impact of agricultural production, water resources management and overall economy of the country (Dvorak et al. 1997; Lal 2001; Eckhardt and Ulbrich 2003; Gosain et al. 2006; Jiang et al. 2007; IPCC 2007; Kalra et al. 2008; Jain and Kumar 2012; Sonali and Kumar 2013) . Therefore, trend analysis of long-term hydrologic, as well as climatic data has been extensively used to assess the potential impacts of climatic change and variability (Rupakumar and Hingane 1988; Rao and Kumar 1992; Chen et al. 1992; Hingane 1995; Pant and Kumar 1997; Kadioglu 1997; Sadhukhan et al. 2000; Lu et al. 2004; Arora et al. 2005; Gadgil and Dhorde 2005; Tomozeiu et al. 2006; Singh et al. 2008; Subash et al. 2011; Jain and Kumar 2012; Suryavanshi et al. 2014; Kishore et al. 2016) .
Trend analysis of long-term time series consists of the magnitude of trend and its statistical significance. In general, trend detection studies for different hydrologic and climatic variables is determined either using parametric test or nonparametric methods (Sen 1968 , Reeves et al. 2007 , Khaliq et al. 2009 ). Sen's non-parametric estimator of slope has been frequently used to estimate the magnitude of trend, whose statistical significance was assessed by the Mann-Kendall test. In this study, the variability of the climatic parameters of the Giridih district of Jharkhand, India has been studied by non-parametric test for detecting trend in the time series is Mann-Kendall (MK) test (Mann 1945; Kendall 1975) . Previous studies have exhibited the significant decreasing rainfall trends in the monsoon season, whereas during December, significant increasing trend of rainfall have been observed in Jharkhand (Rajeevan et al. 2006; Guhathakurta and Rajeevan 2008) . In addition, as per the JSAC (2010) report of Giridih has been identifed as one of the district which consists of Chirki, Irgo, Usri and Jamunia watersheds came under either high priority for development and management. The district has been identified as highly undeveloped due to lack of irrigation facility, the main stay of the people of the area is agriculture. Therefore, information on climatic parameters of the area at the local scale is of utmost important for the planning and development. The present study aims at analyzing persistence and trend of various climatic parameters such as rainfall, minimum, maximum temperature and evapo-transpiration of the Giridih district. Rather than, this study could serve as a base land for preparing of sustainable water resource development and management planning for the undeveloped district like Giridih which is having full of natural resources.
Study area
Giridih (Jharkhand) is located in central north east India and geographical extension is 24°10 0 N 86°21 0 E (Fig. 1) . The Giridih district has three types of topographical areas viz. central plateau having moderate elevation, lower plateau having lower elevation and the trough basin of Damodar consist of 4853.56 sq. km. The area is drained by river Barakar, Sakri and Usri. The climate of Giridih is generally dry. The district receives average annual rainfall of 1137 mm. (2004) (2005) (2006) (2007) (2008) and most of the rainfall occurs during the rainy season. The daily mean temperature ranges from a maximum of 47°C to a minimum of 10°C. District consists of vast forest which is uniformly distributed. The district is rich in mineral recourses and it has several large coal fields which contents one of the best qualities of metallurgical coal in India.
Data used
To study the temporal changes in climate of the Giridih district, a trend analysis of the following climatic variables were considered: (1) annual and seasonal rainfall, (2) seasonal minimum and maximum temperature and (3) seasonal and annual potential evapo-transpiration (PET). The data were obtained for 102 years from India water portal (www.indiawaterportal.org). For seasonal analysis, the water year (i.e., 1 June-31 May) was classified into three seasons, each of 4 months duration. Season 1 corresponds to the monsoon season (June-September); season 2 corresponds to the winter season (October-January), and season 3 corresponds to the summer season (February-May).
Methodology
The methodology used for evaluation of trends in hydrological variables for individual station is carried out using the MannKendall non-parametric trend test (Mann 1945; Kendall 1975 
Persistence
Persistence is evident in long series of climatic observations characterized by a positive serial correlation. In hydrological time series studies, the series is called persistence if the data in the series are dependent on each other. Persistence is also referred to serial correlation or serial correlation. Practically persistence is a tendency for successive values of the climatologically time series to ''remember'' their antecedent values, and to be influenced by them (WMO 1966; Matalas 1967) . Problem in detecting and interpreting trends in certain hydrological time series may frequently display statistically significant serial correlation. In case of presence of serial correlation in the hydrological time series increase the probability that the non parametric test will detects the significant trend (Kulkarni and Von Storch 1995) . However, this approach has been widely used in several earlier works related to long-term climatic variation (Rodhe and Virji 1976; Nicholson and Palao 1993; Türkes et al. 2002; Partal and Kahya 2006; Hamed 2009; Suryavanshi et al. 2014; Kundu et al. 2014 Kundu et al. , 2015 . To test the persistence in the climatologically time series, normalized anomaly of the time series are used. A normalized series is obtained as follows:
where, X t is the normalized anomaly of the series, x t is the observed time series, x and r are the long-term mean and standard deviation of annual/seasonal time series. All serial correlation coefficients of normalized climatic series are computed for lags L = 0 to m, where m is the maximum lag (i.e. = n/3); n is the length of the series. The serial correlation coefficient was computed from Eq. 2.
To test the significance of serial correlation, Eq. (3) is used (Yevjevich 1971) .
where, t g ¼ 1:645; 1:965; 2:326 are at 90, 95 and 99 % confidence interval respectively. The 'null' hypothesis of the randomness of climatic series against the serial correlation is rejected for the large value of r 1 . If r 1 does not significantly differ from zero, then series is regarded to be free from persistence. In this case, the appropriate null continuum is termed as 'white noise'. However, in the study serial correlation coefficients up to lag 3 were assessed (Basistha et al. 2009 ).
Pre-whitening
The term ''pre-Whitening'' was first proposed by Kulkarni and von Storch (1995) in order to eliminate the effect of serial correlation before applying the Mann-Kendall test. If serial correlation exists in the time series data, it leads to a disproportionate rejection of the null hypothesis of no trend, when in fact the null hypothesis should be accepted. In this study, MK test with pre-whitening procedure proposed by Yue et al. (2002) has been used to detect a significant trend in a time series with significant serial correlation. Similar method has also been used by Suryavanshi et al. (2014) . The different steps are carried out in the following manner.
Step 1 The slope (b) of a trend in sample data is estimated using the approach proposed by Theil (1950a) and Sen (1968) . The original sample data X t were unitized by dividing each of their values with the sample mean E (X t ) prior to conducting the trend analysis (Yue et al. 2002) . By this treatment, the mean of each data set is equal to one and the properties of the original sample data remain unchanged. If the slope is almost equal to zero, then it is not necessary to continue to conduct trend analysis. If it is differs from zero, then it is assumed to be linear, and the sample data are de-trended by
Step 2 The lag-1 serial correlation coefficient (r 1 ) of the detrended series X t is computed using Eq. (4). If r 1 is not significantly different from zero, the sample data are considered to be serially independent and the MK test is directly applied to the original sample data. Otherwise, it is considered to be serially correlated and AR (1) is removed from the X
This pre-whitening procedure after de-trending the series is referred to as the trend-free pre whitening (TFPW) procedure. The residual series after applying the TFPW procedure should be an independent series.
Step 3 The identified trend (T t ) and the residual Y 0 t are combined as:
The blended series (Y t ) just includes a trend and a noise and is no longer influenced by serial correlation. Then the MK test is applied to the blended series to assess the significance of the trend.
The Mann-Kendall test
The Mann-Kendall trend test is a rank correlated test between the rank of observation and there time order. This method has been widely used to test for randomness against trend detection in a time series in climatology and hydrology (Mann 1945 and Kendall 1975) . This test is found to be an excellent tool for trend detection by other researchers in similar application (Hirsch et al. 1982; Burn and Hag Elnur 2002; Yue et al. 2002; Suryavanshi et al. 2014 
where,
and R i and R j are the ranks of observations x i and x j of the time series, respectively. It has been documented that when n C 10, the statistic S is approximately normally distributed with the mean zero and a variance is
where n is the number of data points, m is the number of tied groups (a tied group is a set of sample data having the same value), and t i is the number of data points in the ith group. A very high positive value of S is an indicator of an increasing trend, and a very low negative value indicates a decreasing trend. The standardized test statistic Z is computed as follows:
The null hypothesis, H0, meaning that no significant trend is present, is accepted if the test statistic Z is not statistically significant, i.e. -Z a/2 \ Z \ Z a/2 , where Z a/2 is the standard normal deviate. In this study, three different significance levels i.e. 1, 5 and 10 % is considered.
Sequential Mann-Kendall test
The purpose of conducting the sequential MK tests is to see how the trends fluctuated over the study period. This test is considers the relative values of all terms in the time series (x 1 , x 2 …x n ). Sequential value u(t) and u 0 (t) from the analysis of MK Test were determined in order to see change of trend with time (Sneyers 1990; Partal and Kahya 2006) .The Sequential Mann-Kendall test procedure suggested by Partal and Kahya (2006) is used in this study
The sequential value of the statistic u(t) is calculated as
The magnitude of x j annual mean time series, (j ¼ 1. . .n) are computed with
comparison, the number of cases x j [ x i is counted and denoted by n j . the statistics t is then given by equation
Mean and variance of the test statistics are calculated using E t ð Þ ¼ n n À 1 ð Þ=4 and
In the same way the value of u 0 (t) are computed backward from the end of the time series data.
Sen's estimator
The linear trend value represented by slope of the data set can be estimated by using non-parametric procedure developed by Theil (1950b, c, d ) and Sen (1968) . In this method, the slopes (T i ) of all data pairs are first calculated by
where x j and x k are data values at times j and k (j [ k), respectively. The median of these N values of T i is sen's estimator of slope which is calculated as
A positive value of b indicates an upward trend and the negative value indicates a downward trend in the time series.
Relative change
To compute the relative change of different climatic parameters, the following equation was used (Some'e et al. 2012) .
where, n = length of trend period, b = magnitude of the trend slope of the time series which is determined by Sen's median estimator, and |x| = absolute average value of the time series.
Results and discussions Trend analysis
To study the temporal changes in climate of the Giridih district Jharkhand, trend analysis of seasonal and annual minimum and maximum temperature, seasonal and annual rainfall, seasonal and annual potential evapotranspiration (PET) climatic variables were considered. The climatic variables were tested for persistence. In case of station exhibiting significant persistence, pre whitening test is carried out prior to trend analysis to eliminate the effect of serial correlation. Trend analysis was carried out at 1, 5 and 10 % significance level.
Maximum temperature
The seasonal maximum temperature was analyzed for a period of 101 years . Lag 1 serial correlation coefficient, the MK z value and significant level of trends, slope, intersection and relative change is presented in Table 1 . The sequential values of the u(t) and u'(t) statistics, derived from a progressive analysis of the MannKendall rank correlation, are depicted respectively by solid and dashed lines shown in the Fig. 2 . Horizontal dashed lines correspond to confidence limits at the 1, 5 and 10 % significant level. The monsoon season (season 1) and summer season (season 3) did not exhibit any significant trend. However in winter season (season 2), a significant trend was observed. Rising trend of maximum temperature in winter season ultimately increase the mean heating of the atmosphere may cause cloud formation and eventually increases the rainfall activity. The increasing trend in the winter season reflects the poor crop production in the Rabi season. The results of the sequential MK test show that there is no significant trend detected in maximum temperature in season1 and season 3, since the graphical representation u(t) and u'(t) gives curve that does not point out intersection point or overlap several time. However in season 2, it is noted that graphical representation begins to diverge in the early 1905s indicating the starting point of the trend. Regarding yearly maximum temperature it should also be noted that two functions begin to diverge in the late 1950s indicate the starting point of trend. Longterm trends may be identified in increasing mode commencing in the late 1950s till the rest of period.
Minimum temperature
The seasonal minimum temperature of station was analyzed for a period of . The Lag1 serial correlation coefficient, the MKz value and significant level of trend, slope, intercept and relative change values for station is presented in Table 2 . For monsoon season (season 1) and summer session (season 3), station showed a significant persistence with no any trends. However in winter season (season 2), station showed significant persistence with increasing trends. Like the maximum temperature, the slope and relative values for the stations is quite low. Based on the average value of MK test statistics, it was observed that no significant trend was observed in the monsoon season and summer season, whereas an increasing trend was observed in the winter season for minimum temperature. The results of the sequential MK test for minimum temperature have shown in Fig. 3 . There was no significant trend detected in minimum temperature in season1 and season3, since the graphical representation u(t) and u 0 (t) gives curve that does not point out intersection point or overlap several time. However when inspecting the plot of u(t) and u 0 (t) in season 2, meaningful long term-trends may be identified in decreasing mode commencing in the early 1910s and ending in early 1930s, and immediately after in the increasing mode till early 1945s. It was also observed that decreasing mode of minimum temperature in season 2 again started in early 1980s for the rest of period.
Potential evapo-transpiration (PET)
The Lag1 serial correlation coefficient, the MKz value and significant level of trend, slope, intercept and relative change of annual and seasonal PET of 102 years was carried out and shown in Table 3 . In case of all three season, a significant trend was observed. Season II and season III showed no any trend with very low value of slope, whereas season 1 exhibited a significant decreasing trend. The results of the sequential MK test for PET have been presented in Fig. 4 . There is no significant trend detected in PET in season II and season III. However in season I, it is noted that plot of u(t) and u'(t) representation begins to diverge in the early 1990s indicating the starting point of the trend. PET does not showed any significant trend in winter however, increasing trend of winter minimum and maximum temperature was observed. This may be because of PET not only depends on the temperature, but also on other metrological variables such as wind speed, sunshine hour and solar radiation which are not considered in the present study.
Rainfall
Seasonal and yearly rainfall was analyzed for a period of . Lag1 serial correlation coefficient, the MKz value and significant level of trends, slope, intersection and relative change has been presented in Table 4 . It can be seen that, for season 1, station exhibited persistence with significant decreasing trend whereas in season 2, station does not showed any significant persistence and trend. In the case of season 3 station exhibited significant persistence with no trend. The magnitude of trend in seasonal and annual determined by the Sen's estimator has also been shown in Table 4 . It has been observed that decrease in season 1(monsoon) rainfall is 2.042 mm/year. The decrease in annual rainfall has also been observed as 2.0861 mm/year. The results of the sequential MK test have been presented in Fig. 5 . There was no significant trend detected in rainfall in season 2 and season 3. However in season 1, it was noted that graphical representation begins to diverge in the late 1950s indicating the starting point of the trend. The meaningful long term trends may be identified in decreasing mode started in late 1950s till the rest of period for season 1. The long term trend of yearly rainfall is identified in decreasing mode beginning in early 1955s till the rest of period. Decreasing trends in rainfall in season1 may affect the vegetative phase of rice crop causes low crop production. Fig. 3 Sequential value of statistics u(t) (-) and u 0 (t) (-): seasonal and yearly minimum temperature from MK test for Giridih station 
Conclusions
In this study, trend and persistence analysis of different climatic variables were carried out for Giridih district, Jharkhand (India). An understanding of trends of climatic variables would be provided useful information for the planning, development and management of water in any area or region. The hydrological response of any region depends on several climatic variables, in particular temperature and rainfall. Yearly and seasonal trend analyses for two temperature variables i.e maximum and minimum temperature were analyzed. It was found that there was no significant trend observed in monsoon and summer session for maximum and minimum temperature. Whereas, a significant increasing trend in the region was observed for the winter season. The increase of temperature during winter may hampered the growing stages of water use for winter crop (wheat), which was important for Rabi crop in the most part of this region. Change in temperature affects the relative humidity and evaporation which may affect the crop water demand (Suryavanshi et al. 2014) . As far as rainfall is concerned, there was a significant decreasing trend of 2.04 mm/year observed during the monsoon season (season 1). As rice was important crop grown in May to October in this region, the decreasing trend of rainfall may affect the vegetative phase of rice crop resulting low crop production. Therefore, the irrigation was very much needed in this region to come out with stress situation for future. However, significant persistence was observed in season 1, season 3 and yearly rainfall, and was indicative of the presence of low frequency fluctuation in the rainfall time series. Our recent study also agreed with those of previous studies for Jharkhand state (FAI 2003 (FAI -2004 Rajeevan et al. 2006; Guhathakurta and Rajeevan 2008; Subash et al. 2011) . The long-term trend of monsoon season and yearly rainfall is identified as decreasing mode in late 1950s and early 1955s respectively till the end. 
